Postoperative cognitive dysfunction (POCD) is a decrease in cognition measured by neuropsychological tests after anaesthesia and surgery. It is difficult to separate the effects of surgery from anaesthesia because the administration of general anaesthesia without surgery poses ethical problems, and surgery without anaesthesia is unacceptable.
In the clinical setting, the closest approach to separating general anaesthesia from the surgical process is to administer regional anaesthesia. However, reviews on the incidence of POCD after neuraxial block compared with general anaesthesia have failed to show a decrease in the incidence of POCD. 1 2 There are a number of issues with study design which have confounded these studies. First, sedatives may be associated with POCD 3 and yet no trial has specifically excluded sedation.
Secondly, postoperative analgesics may confound the incidence of POCD, yet previous studies have not documented the use of postoperative opioids. Thirdly, many of the randomized trials were not blinded. Finally, selection and analysis of neuropsychological tests may lead to discrepancies in the calculation of POCD. 4 To overcome these issues, we undertook a trial comparing the incidence of POCD in older patients who underwent extracorporeal shock wave lithotripsy (ESWL) under general anaesthesia with patients receiving spinal anaesthesia which specifically excluded sedation and postoperative opioid analgesia. ESWL uses high-energy acoustic shock waves generated outside the body to break stones in the kidney. 5 The procedure is painful and requires either intense analgesia or anaesthesia and represents a surgical stress without a surgical incision. At our institution, we routinely administer either general or spinal anaesthesia. Studying POCD after ESWL offers several unique advantages: the procedure can be performed equally well under general or spinal anaesthesia; when performed under spinal anaesthesia co-administration of sedation is not necessary; and postoperative pain is minimal allowing management with simple oral analgesics, obviating the confounding factor of postoperative opioids. It is therefore an ideal proxy for open surgical procedures because there is no incision to create eitheranxietyor intense postprocedural pain. Consequently, patients are more willing to forgo sedation than during an open surgical incision. We hypothesized that the incidence of POCD would be less in patients receiving spinal anaesthesia (without sedation or postoperative opioids) than general anaesthesia. The aim of this investigation was to compare the incidence of POCD after a surgical procedure (ESWL) receiving either general or spinal anaesthesia alone.
Methods
This trial was a single-centre prospective randomized controlled trial in patients undergoing ESWL at St Vincent's Hospital Melbourne, Australia, between 2005 and 2011 (ACTRN 12605000150640). The primary outcome was the incidence of POCD at 3 months. The secondary outcome was the incidence of POCD at 7 days. Institutional Human Research Ethics Committee approval was granted and written informed consent obtained from all patients.
Eligible patients were aged ≥55 yr undergoing ESWL who had no contraindication to neuropsychological testing and resided in accessible proximity to the hospital to allow home assessments. Exclusion criteria were pre-existing neurological disease, MiniMental State Examination score ≤25, anticipated difficulty with neuropsychological assessment, contraindications to general or spinal anaesthesia, and associated medical problems.
A non-treatment control group was recruited as part of the Anaesthesia Cognition Evaluation study (ACTRN: 012607000049471) which investigated cognition after total hip joint replacement. All control participants had hip osteoarthritis typically requiring analgesics, and thus provided a suitable control group for study patients with renal stones who also often needed analgesics. These individuals met similar inclusion and exclusion criteria and underwent the same neuropsychological testing as the study patients. Control individuals who underwent unexpected surgery during the trial were excluded.
Patients were admitted for the same-day discharge. No premedication was administered. General anaesthesia consisted of i.v. midazolam ≤0.05 mg kg 21 , fentanyl ≤1 mg kg 21 , and propofol 1-2 mg kg 21 for induction, followed by a laryngeal mask airway and spontaneous respiration with sevoflurane and 30% oxygen in air. For spinal anaesthesia, lumbar puncture was performed with a 25 G pencil point needle and 2 ml 0.5% heavy spinal bupivacaine injected to achieve T8 vertebral level block; sedation was avoided unless clinically indicated.
All patients were monitored with ECG, pulse oximetry, and non-invasive arterial pressure. Arterial pressure decreasing below 20% of baseline systolic pressure was treated with i.v. metaraminol or ephedrine. All perioperative and intraoperative data were recorded and later stored on a secure database. Postoperative analgesia was restricted to non-opioids (paracetamol, celecoxib) unless clinically indicated.
The lithotripter was a Dornier Compact Delta electromagnetic shock wave generator. Shock waves were limited to 3000 with a maximum rate of 100 s 21 .
Patients were randomly assigned by a computer (permuted blocks of eight) to general or spinal anaesthesia. Allocation was revealed in the operating theatre. It was not possible to blind the anaesthetists or patients to the method of anaesthesia (general or spinal), but all cognitive assessments were undertaken by assessors blinded to treatment allocation.
To assess cognition, we used the same methodology as in a previous study. 6 All patients completed a battery of eight neuropsychological tests administered by a trained interviewer blinded to the patient's anaesthetic. Testing was done at baseline during the week before ESWL, and at 7 days and 3 months afterwards. All testing was done at the patients' home to provide a stress-free, reproducible environment. 7 8 The test battery 6 8 Visual analogue scales were used to assess anxiety, depression, and fatigue at each testing time. 10 11 Absolute test scores were reversed for timed tasks so that a decrease implied cognitive decline for every test.
The reliable change index (RCI) was used to calculate the incidence of POCD. 7 12 RCI was determined by subtracting the baseline score (X 1 ) from the score at 7 days or 3 months after ESWL (X 2 ), giving D X for each individual participant for a given task. The mean expected change for the controls D Xc , was then subtracted from this, removing any time or practice effect. This score was then divided by the SD for the change in test results of the control group SD(D Xc ), controlling for the expected variability. These scores were then used to create a combined test score (Z combined ) using the sum of Z scores for each test ( Z a,b,c,d,etc. ) divided by the SD of this summation in the control group [SD( Z control )]. POCD was defined in an individual when their RCI score was less than or equal to 21.96 on ≥2 tests, and/or their combined Z-score was less than or equal to 21.96. Primary analysis was by intention-to-treat. A secondary perprotocol analysis was also performed.
Power calculations were based on an incidence of POCD at 3 months in older patients of 12% 13 and an assumption that avoidance of centrally acting agents would decrease the Cognition after general or spinal anaesthesia incidence to 1% approximating the incidence of 0% at 3 months seen in the control group 14 (consistent with 0% in a normal group of subjects). Two equal groups of 96 would be required to detect a significant difference with a power of 0.80 at the 0.05 significance level. At 50% recruitment, a futility analysis was undertaken 15 16 using a transformed Z-value (B-value) to calculate conditional power. The following formulae were used to estimate conditional power:
where t is the proportion of patients recruited to date (N/n); l the patients recruited to Group x; m, patients recruited to Group y. Group comparisons were made using unpaired t-tests for continuous variables and x 2 or Fisher's exact test for dichotomous variables. The type I error rate was controlled using the HolmBonferroni step-down procedure for multiple comparisons. 17 Associations were determined using univariable analysis and multivariable logistic regression and intention-to-treat, with a probability value of ,0.2 set for entry into the multivariable regression models.
Statistical analysis was performed using STATA (Ver. 11.0 Stata Corporation, College Station, TX, USA). A probability value of ,0.05 was taken to indicate statistical significance. Exact binomial confidence intervals were calculated in STATA using the Clopper-Pearson interval.
Results
Screening of 2706 individuals for ESWL resulted in 98 patients for randomization (Fig. 1) . Recruitment was slow because of geographic, language, and medical exclusions and a reluctance to have a spinal anaesthetic without sedation.
No interim analysis was planned, but the need became evident because of slow recruitment. 18 At 50% recruitment, a futility analysis was conducted which determined that stochastic curtailment of this study was warranted based on conditional power of data collected to date of n (90)¼0. We selected 26 control individuals who were matched for age (a known association of POCD). 19 Of the 98 study patients, 50 were randomized to receive general anaesthesia and 48 to receive spinal anaesthesia (Fig. 1) . Ultimately, 50 patients received general anaesthesia and 42 received the prescribed spinal anaesthetic protocol.
Five patients were admitted overnight, four in the spinal group (three with urinary retention and one with ureteric pain) and one in the general anaesthesia group (social reasons). None of these patients satisfied the criteria for POCD at either time point.
The mean procedure duration was 45. The control individuals had a higher IQ than the 98 study patients (adjusted P,0.01) and performed better than the study patients at baseline in all tests. This was statistically significant for COWAT (adjusted P,0.01) and CERAD-AVLT (adjusted P¼0.03). There was no apparent difference between the general anaesthesia and spinal groups in patient characteristics and medical history ( Table 1) .
The results of neuropsychological testing between the general and spinal anaesthesia groups on individual tests at baseline indicate that there were no significant differences between the groups (Table 2) .
When analysed by intention-to-treat, there was no significant difference in the incidence of POCD between the general anaesthesia and spinal groups. At 3 months, the overall incidence of POCD was 13.6% (12/90) comprising 6.8% (3/44) [95% confidence interval (CI): 1.4-18.7%] in the general anaesthesia group and 19.6% (9/46) (95% CI: 9.4 -33.9%) in the spinal group (P¼0.07) (95% CI for difference: 20.8%, 26.5%). At 7 days after operation, the incidence of POCD was 7.7% (7/91) comprising 4.1% (2/49) (95% CI: 0.5-14%) in the general anaesthesia group and 11.9% (5/42) (95% CI: 4.0-26.6%) in the spinal group (P¼0.16) (95% CI for difference 23.3%, 19.1%).
Per-protocol analysis at 3 months showed a significantly increased incidence of POCD in the spinal group. The overall incidence was 14.0% (12/85), comprising 6.8% (3/44) (95% CI: 1.4-18.7%) for the general anaesthesia group and 22% (9/ 41) (95% CI: 10.6 -37.6%) for the spinal anaesthesia group (P¼0.04) (95% CI for difference 0.5%, 29.9%). Per-protocol analysis at 7 days showed an incidence of POCD of 8.0% (7/87), comprising 4.1% (2/49) (95% CI: 0.5-14.0%) for the general anaesthesia group and 13.2% (5/38) (95% CI: 4.4-28.1%) for the spinal anaesthesia group (P¼0.12) (95% CI for difference 23.0%, 21.2%).
The results of univariable predictors for POCD with P,0.2 are shown in Table 3 . After multivariable analysis, age and fatigue remained associated with POCD at 7 days but were no longer associated at 3 months.
Discussion
In this prospective randomized controlled trial comparing older patients undergoing ESWL, comparing general anaesthesia with spinal anaesthesia, the latter without sedation or postoperative opioids, we were unable to demonstrate a difference between groups in the incidence of POCD at 7 days or 3 months. A secondary per-protocol analysis found that the incidence of POCD at 3 months was significantly higher in the spinal group. Spinal anaesthesia is associated with an incidence of POCD 3 months after ESWL that is at least comparable with that seen after general anaesthesia.
It is difficult to recruit patients to surgical studies in which they are offered spinal anaesthesia without the option of sedation. This difficulty is evidenced by prior studies of which none excluded i.v. sedation, confounding any conclusion on the part played directly by the surgery in contributing to POCD. Indeed, the current study took 6 yr to recruit 100 patients. The slow recruitment rate led us to undertake a futility analysis resulting in stochastic curtailment. 20 Table 4 demonstrates the conditional power at several data points and reveals that conditional power was very low from early recruitment. This information of the data trend, together with a conditional power ,15% at n¼90, indicated that continuation of the study would be futile. This study was designed to show a greater incidence of POCD after general anaesthesia (superiority study). Despite the finding that spinal anaesthesia led to a higher incidence of POCD at 3 months using per-protocol analysis, we cannot make any conclusions regarding a lower incidence of POCD after general anaesthesia. The results do, however, provide pilot data to inform a study designed to investigate a decreased incidence of POCD after general anaesthesia compared with spinal anaesthesia.
This study demonstrates that POCD occurs after surgical treatment in the absence of centrally acting drugs. The result has important implications for the understanding of the mechanisms underlying POCD and cognitive decline in the elderly in general.
Using ESWL as the procedure provided a unique clinical platform. Since spinal anaesthetic agents are confined to a fixed level in the spinal cord, 21 and action on the central nervous system above this level is unlikely, any effect on the brain (including POCD) must result from some mechanism other than the direct effects of centrally acting drugs. It is unlikely that trace concentrations of local anaesthetics affect the brain in adults. The results imply that even in the absence of anaesthetic agents, surgical procedures or perioperative stress can lead to POCD. This platform does not allow conclusions to be drawn about the converse, the effects of anaesthetic agents in the absence of surgery. There is clinical evidence that increased depth of anaesthesia may be associated with an increased incidence of POCD, 22 although others have failed to confirm this. If anaesthetic agents do contribute to POCD, the effect may be subsumed within the effects of surgery because the incidence was not greater in subjects receiving general anaesthesia. Previous studies comparing the incidence of POCD after general vs spinal anaesthesia have not specifically excluded sedation intraoperatively or analgesia after the operation. The largest of these trials enrolled 428 patients and found an incidence of POCD at 3 months of 14.3% (95% CI: 9.5-20.4%) after general anaesthesia which was not significantly different from 13.9% (95% CI: 9.0-20.2%) after regional anaesthesia, P¼0.93. 24 However, 37% of patients in the regional group received i.v. propofol sedation, and centrallyacting postoperative analgesia was not restricted. In spite of these shortcomings, the incidence of POCD was not statistically different, indicating POCD may occur in the absence of general anaesthesia. This earlier study, like the present study, had slow recruitment and additionally required high patient numbers because power was based on a 5% incidence of POCD in the spinal group. Other smaller studies have all failed to show a difference, although none has restricted i.v. sedation or postoperative analgesia. 1 2 The presence of POCD in the absence of exposure to centrally acting drugs indicates that the cause of POCD may lie outside the province of anaesthetic, sedative, or opioid agents. One of the difficulties in attributing causality of POCD has been that anaesthesia (or sedation) and surgery occur together, making it impossible to uncouple their respective contributions to POCD. The current study has been able to separate these two issues and identify that the procedure itself may independently contribute to POCD.
A possible mechanism may include the inflammatory response, which is associated with surgery and also follows ESWL. After ESWL, tumour necrosis factor-a has been shown to increase in the urine in animal models 25 and serum interleukin-6 increases in humans. 26 Associations between surgery, inflammation, and cognitive dysfunction have been extensively demonstrated in animal models. 27 -29 Vacas and colleagues 30 have recently reviewed the mechanisms by which peripheral tissue injury resulting from surgical trauma can lead to neuroinflammation and POCD. If inflammation is implicated, the results may be generalizable to other forms of surgery. The overall incidence of POCD at 3 months of 13.6% is consistent with other studies of major non-cardiac surgery. 3 14 A weakness in the study is the small sample size, but excluding sedation during surgery makes such a clinical trial difficult. Although the small numbers led to wide confidence intervals, futility analysis indicated that the results would not be significant even at full recruitment. Nevertheless, the findings could be explained by type 2 error. Although the control group was matched for age, they did have a higher IQ (and also performed statistically better than the study patients on two neuropsychological tests). We have previously noted that volunteers have a higher IQ than study patients. 14 However, there was no significant difference between the general anaesthesia and spinal group in age or IQ. Finally, although spinal anaesthetics are reported to affect cortical activity, this is believed to be due to diminished afferent activity, rather than a direct action of trace concentrations of local anaesthetics acting on the brain. 31 We cannot discount that the CSF circulation delivered trace levels of bupivacaine to the brain, although there is currently no evidence to support this. In summary, by uncoupling the surgical procedure from anaesthesia, we have shown that POCD follows ESWL in older patients who received no centrally acting drugs. The results provide supportive evidence that POCD may be the direct consequence of healthcare interventions other than centrally acting anaesthetic agents.
